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利用量子化学原理通过 Gaussian 03 软件计算比较了所用基础电解液溶剂和添加
剂的前线轨道能量；然后通过电池的充放电测试、电化学分析技术测试了添加剂
对电池的比容量、循环性能、倍率性能和阻抗等的影响； 后，通过扫描电子显
微技术(SEM)表征了添加 FEC 前后石墨化中间相碳微球(MCMB)表面的 SEI 膜形
貌，并采用 X-射线能量散射分析仪(EDS)、傅立叶变换红外光谱(FTIR)、X 射线
光电子能谱(XPS)等表面分析技术对在负极表面形成的 SEI 膜的成分进行了分
析，并根据实验结果对 FEC 的分解机理进行了讨论。主要研究结果如下： 
(1) 通过理论计算，比较得到添加剂 FEC 的 低未占分子轨道(Lowest 
Unoccupied Molecular Orbital, LUMO)能量比所用基础电解液溶剂 EC、DMC、
EMC 的都低，从理论上表明 FEC 可在较溶剂更高的电位发生还原分解； 
(2) 通过 MCMB/Li 电池的充放电测试，表明了添加剂 FEC 的添加改善了负
极/电解液界面的性能，并且提高了电池的负极材料 MCMB 的比容量、循环性能、
倍率性能等，确定了 FEC 的 佳添加浓度为 2%(体积比)。通过 LiMn2O4/Li 电池
性能测试表明添加剂FEC对LiMn2O4材料的性能没有明显影响，表明添加剂FEC
适于用作商业化锂二次电池的电解液添加剂。 
(3) MCMB 电极表面形貌受添加剂的影响很大，未加 FEC 前，电极表面形
成的是一层较厚的、粗糙的、不利于锂离子脱嵌的 SEI 膜；而添加 FEC 后，电
极表面形成的是一层较为薄的、均一的、利于锂离子脱嵌的 SEI 膜。 

















(5) 由 SEI 膜成分分析，我们推断 FEC 的还原分解反应是一种开环反应，并




















Since the additives have been used to organic electrolytes for lithium ion batteries, 
which are becoming more and more important for energy storage. The additives 
attract many concerns due to its obvious functions, for example, suppressing 
electrolyte decomposition, improving cyclability, high/low temperature performance 
and safety of lithium ion batteries, and so on. 
According to their functions, different kind of additive have different effects, such 
as improving the performance of solid electrolyte interface film, improving the safety 
performance of the battery, enhancing the conductivity of the electrolyte, controlling 
the content of acid and water in the electrolyte, and so on. 
Development of chief materies of lithium-ion batteries were reviewed in this 
thesis. Fluoroethylene carbonate (FEC) was used as a kind of SEI film improver 
additive for lithium-ion batteries, the effect of FEC to the cell and the reaction 
mechanism were discussed. Firstly, we calculated the frontier molecular orbital 
energy of the solvent and additive molecules according to quantum chemistry 
principle; then the effect to the performance of the cell was studied by 
charge/discharge tests and electrochemical methods; at last, EDS, FTIR, XPS were 
employed to analyze the chemical composition of the SEI film formed on the MCMB 
electrode. The main results were as follows: 
(1) The frontier orbital theory is prevalently used for elucidating the 
electrochemical stability of the film-forming additives for lithium-ion batteries 
electrolyte，and the results we got show that LUMO energy of FEC molecule is lower 
than that of the used solvents, which clearly indicates that FEC can easily accept 
electrons, that is to say, FEC can be theoretically reduced at a higher potential than the 
solvents. 
(2) The performance of MCMB/Li cell was improved obviously even when small 















cathode materials, all of these show that FEC is fit for used as additive to the elctroyte 
for commercial lithium ion batteries.  
(3) The surface morphologies of the solid electrolyte interphase (SEI) film formed 
on MCMB electrodes cycled in 1M LiPF6 / EC + DMC + EMC (1:1:1, v:v:v) with 
and without FEC were studied by SEM, the results showed that a thin, uniform and 
low-resistive SEI film was formed on the surface of MCMB electrode when 2% FEC 
was added to the electrolyte. These results confirmed the capability of the FEC to 
improve the cell performance. 
(4) The chemical composition of the solid electrolyte interphase (SEI) film were 
studied by EDS, FTIR and XPS analysis, the SEI film with FEC added was mainly 
composed of some kind of organic compounds, the content of Li2CO3 was 
comparatively reduced, and the decomposition products of electrolyte decreased. The 
results of CV showed that FEC was reduced at a higher potential than the electrolyte, 
CV and EIS results confirmed that FEC could suppress the decomposition of 
electrolyte. 
(5) The decomposition mechanism of FEC was proposed here according to the 




































20 世纪 70 年代初实现了锂原电池的商品化。锂原电池的正极材料是二氧化锰或
亚硫酰氯等，负极是锂，电池组装完成后电池即有电压，不需充电。与一般的原
电池相比，它具有明显的优点[2]： 
(1) 电压高 传统的干电池一般为 1.5 V，而锂原电池则可高达 3.9 V； 
(2) 比能量高 为传统锌负极电池的 2～5 倍； 
(3) 工作温度范围宽 锂原电池一般能在-40～70 ℃下工作； 
(4) 比功率大 可以大电流放电； 
(5) 放电平稳 大多数锂原电池具有平衡的放电曲线； 























合物代替金属锂负极的“摇椅式电池”(Rocking Chair Battery, RCB)构想，为锂
离子二次电池取得突破性发展做出了重大贡献[4]，直到人们发现可用具有石墨结
构的碳材料取代金属锂负极，改善锂离子电池的安全性能，这才真正拉开了锂离
子二次电池工业化革命的帷幕。1990 年，日本 Nagoura 等人研制成以石油焦为
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